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Abstract 
A simulation case is presented using the Finite Element Method (FEM) to simulate the performance of PVDF arrays to measure 
temperature gradients through the determination of phase shifts, i.e. time shifts of the waveform of the echo due to a change in 
the speed of propagation of ultrasound as a result of a change in temperature, they can be interpreted as phase shifts in the 
frequency domain.  Making it possible to determine the change in temperature from the phase shifts; in a medium of propagation 
previously characterized. 
© 2015 The Authors. Published by Elsevier B.V. 
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Introduction 
The proposal presented in this work is to measure temperature variations using PVDF transducers, this is a 
material that can be used for a variety of medical applications, since it is physiologically harmless, light, flexible, 
low-cost, and it is available in different dimensions in thin films, it has also a wide bandwidth, have good 
performance in tissue and transducers with complex geometries can be designed and constructed (Brown, 
Lewis,1996) (Piezo Film Sensors) at low prices. 
The current techniques that used ultrasound to estimate temperature changes determine the average temperature in 
a volume (Bazán I., et al,2009),(Vázquez, M et al, 2006); the proposal of this work is to estimate temperature 
variations in a segment whose spatial resolution is determined by the dimensions of the transducer array.  
Before evaluating our proposal on an experimental basis, simulations were made using the Finite Element Method 
(FEM). We used this method since the description of the propagation of ultrasonic waves through a medium using 
the analytical solution of a mathematical model and differential equations it is normally very complex. 
 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Scientific Committee of ICU 2015
 Pedro Acevedo et al. /  Physics Procedia  70 ( 2015 )  1100 – 1103 1101
 
The FEM as an alternative method was used for the solution of systems of differential equations that model our 
proposal. This method allowed to solve the problem in the interval of interest and under specific conditions.  
Methodology 
2.1 Simulation of the array using the finite element method. 
To evaluate the response of PVDF transducer array was necessary to generate a model in three dimensions, which 
is shown in Figure 1a; using the finite element method to simulate a configuration through – transmission i.e. 
simulated PVDF transducers array in reception establishing the acoustic parameters described in (Vazquez et al , 
2014) (Brown Lewis, 1996) (Multiphysics Simulation,2013)( McRobbie et al,2006), as well as the physical 
dimensions for the PVDF lineal transducer array of 4 elements  (4mm × 4mm with  1mm of space between 
elements). 
A PZT ultrasonic transducer was also simulated with a nominal frequency of 3.5 MHz; 21 mm in diameter, which 
was configured as a transmitter and excited with 300V. This transducer sends a sound wave through water, which 
has a density of U=1000 kg/m3 and a sound velocity of c = 1480 m/s at 25°C. An obstacle formed also of water but at 
a different temperature 50°C (1548 m/s) was used. 
With the described data and geometry shown in Figure 1a; application modules were chosen. Domains, 
subdomains, boundary conditions and the size of the mesh were established. 
2.2.  Evaluation of the response 
The PVDF transducer array at reception was evaluated simulating a configuration through – transmission using 
the finite element method. The types of analysis chosen were transient and frequency response. 
Figure 1a shows the model implemented in the simulation, while figure 1b shows the experimental setup in the 
laboratory. 
 
 
 
 
 
 
 
 
 
 
(a)                                                                                              (b) 
Fig. 1. Experimental setup. (a) Modeling using the finite element method. (b) In the laboratory.  
3. Results 
The results of the simulation are shown in Figures 2a and 2b.  
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(a)                                                                                                            (b) 
Fig. 2. Geometric configuration implemented using the finite element method.  
In Figure 2a the mechanical vibration generated by the transmitter can be seen traveling through the water and 
interacts with the obstacle, Figure 2b shows when the mechanical vibration reaches the transducer array. In figure 3, 
we can observe two signals one obtained from an element of the  transducers array, red (+) with the obstacle in front 
and in blue (i) the signal obtained from an element of the array that does not have any obstacles facing it. As 
expected, there is a time delay between the two signals due to the change of temperature (Bazán I et al , 2009) 
(Vázquez et al,2006). 
To validate the results generated by the finite element method, from each of the transducers of the array, echoes 
were captured when you place an obstacle (Hydrogel sphere) with a higher temperature than that contained in the 
rest of the tank, facing two of the transducers.  
The signals after having been filtered out the echoes received by one of the elements that is eclipsed by the 
obstacle at different temperatures. The phase spectra of signals acquired in time are shown in Figure 3, to determine 
the gradient of temperature as a function of the phase were calculated. 
As it was expected the echoes that arrive faster are those who have higher temperatures. Due to that by increasing 
the water temperature, increases the speed of propagation. 
     
 
(a)                                                                                                        (b) 
Fig. 3. . Phase demodulation results for echo signals obtained through propagation in water for different temperature (a) Phase demodulation for 
signals at different temperatures and (b) Zoom on the same signals 
4. Discussion 
The finite element simulation allows us to know different magnitudes of interest (pressure, voltage, etc.) for each 
point. Which is very useful, because in another way to obtain a magnitude as the pressure at each point we would 
require a hydrophone and a three dimensional positioning system. 
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PVDF transducer array turned out to be efficient as a receiver. However, due to the high sensitivity of the 
material (bandwidth) is sensitive to noise and movement, which involved necessary to filter signals. On the other 
hand due to the intrinsic bandwidth of PVDF, echoes without much reverb were obtained.  
The experimental signal has a higher resolution, since the amount of points sampled for each signal (simulated 
and measured experimentally) are different. However, in both cases it is possible to detect delays of time between 
signals due to the presence of an obstacle with a higher temperature. 
For the calculations of the simulations presented here it was necessary to use one of the Institutional cluster 
nodes, which has 12 processors. 
The disadvantage of the phase method is that this is very sensitive to noise, so to achieve a good performance a 
high signal to noise ratio is required. 
5.   Conclusion 
The PVDF transducers array is useful for determining time delays between signals due to the presence of an 
obstacle with a higher temperature. 
While the backing, or silver (electrodes) paint film is not considered in the simulation, or matching on the 
transducer array is not considered either it is possible to get a response similar to the experimental. Therefore it is 
possible to conclude that the finite element method is an excellent tool for evaluating the response of an ultrasonic 
transducer array constructed using different materials under conditions previously laid down. 
Ultrasound could represent a good tool for the detection of temperature changes in volumes. However to detect 
variations of temperature in the order of hundredths of a degree it is still needed to improve our algorithm. 
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